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ABSTRACT
Billed as the creation and provision of timely, tailored information for decision-making at all levels of
society, climate services have garnered a great deal of attention in recent years. Despite this growing at-
tention, strategies to design, diagnose, and evaluate climate services remain relatively ad hoc—and while a
general sense of what constitutes ‘‘good practice’’ in climate service provision is developing in some areas, and
with respect to certain aspects of service provision, a great deal about the effective implementation of such
service remains unknown. This article reviews a sample of more than 100 climate service activities as a means
to generate a snapshot of the state of the field in 2012. It is found that a ‘‘typical climate service’’ at this time
was provided by a national meteorological service operating on a national scale to provide seasonal climate
information to agricultural decision-makers online. The analysis shows that the field of climate services is still
emerging—marked by contested definitions, an emphasis on capacity development, uneven progress toward
coproduction, uncertain funding streams, and a lack of evaluation activities—and stands as a signpost against
which the development of the field can be measured. The article also reflects on the relative contribution of
this sort of sampling activity in informing ‘‘good practice’’ and offers suggestions for how both sampling and
case study efforts can be better designed to increase the potential for learning. This article concludes with
some observations on the relative contribution that broad-based analyses can play in informing this
emerging field.
1. Introduction
Climate services involve the production, translation,
transfer, and use of climate knowledge and information in
climate-informed decision-making and climate-smart pol-
icy and planning. Such services are intended to facilitate
climate adaptation, mitigation, and disaster risk reduction,
widely recognized as important challenges to sustainable
development in rich and poor countries alike (Asrar et al.
2012; Wahlström 2009). Interest in climate services has
grown in recent years, particularly since the 2011 initiation
of theGlobal Framework for Climate Services (GFCS), an
international initiative focused on improving the pro-
duction, delivery, and application of climate information
around the world (Hewitt et al. 2012).
This growing interest reflects an assumption that ad-
vancement in this area will produce gains in social and
economic well-being; despite this assumption, there is
active debate on what climate services are, where they
are most effective, and how they should be designed to
best deliver societal benefits. Questions regarding the
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kinds of information on which climate services should be
based, the sorts of problems they can most effectively ad-
dress, and the institutional arrangements needed to support
themcontinue to consumeplanning efforts, as the users and
providers of climate services engage in a simultaneous and
loosely coordinated process of learning by doing.
Some aspects have been more studied than others.
Indeed, relatively more attention has been paid toward
assessing particular attributes of the climate information
itself—including, for instance, the quality of the data that
underlie specific services (Bhowmik and Costa 2014;
Brunet and Jones 2011; Girvetz et al. 2013; Overpeck
et al. 2011) and the verification of climate predictions
(Goddard et al. 2013; Hyvärinen et al. 2015; Mason and
Chidzambwa 2009), among other things. In the social
science realm, efforts have focused on defining the pa-
rameters of ‘‘usable’’ science (see, e.g., Dilling andLemos
2011; Tang and Dessai 2012), identifying factors that
improve the communication of climate information (e.g.,
Lorenz et al. 2015; Marx et al. 2007; Taylor et al. 2015),
and assessing the impact of specific services (see, e.g.,
Clements et al. 2013; Rahman et al. 2016; Thornton 2007).
To date, however, a broad-based review of the exist-
ing practice of operational climate services has not yet
been attempted [for an overview of commercial in-
vestment, see Georgeson et al. (2017)]. The current ar-
ticle fills this gap by analyzing a unique dataset of more
than 100 self-reported descriptions of climate service
activities, which were submitted to the Global Frame-
work for Climate Services and the Climate Services
Partnership in 2012 (detailed descriptions of the data
and methods are found in section 2). In doing so, this
article creates a snapshot of the state of the field shortly
after the implementation of the GFCS (results appear in
section 3), allowing for a point of comparison in this
evolving field. The article also offers observations on
what can—and cannot—be learned from this kind of
broad sampling activity (this discussion occurs in section 4),
endingwith some conclusions regarding howbest to design
future sampling efforts in order to more effectively ad-
vance learning (section 5).
2. Methods
a. Data
This article draws on the written descriptions of 101
climate services collected independently, though in a
coordinated fashion, by the Climate Services Partner-
ship (CSP) and the World Meteorological Organization
(WMO) in 2012. Both entities used the same template
(see appendix A) to solicit self-reported descriptions of
climate service activities from within their networks.
Both organizations called these ‘‘case studies,’’ though
the methodology used was an open-ended survey rather
than a social science case study per se. Both described
the goal of this activity as identifying good practice.
More detail on the process by which case studies were
collected is found in appendix B.
The results of this joint activity were published in
conjunction with the second International Conference
on Climate Services (September 2012) and an extraor-
dinary session of the World Meteorological Congress
focused on the implementation of the Global Frame-
work for Climate Services (October 2012), respectively.
Though the WMO represents the official coordinating
body of the world’s governmentally mandated meteo-
rological and hydrological services, both CSP and
WMO collections include submissions from public-,
private-, and third-sector sources—perhaps reflecting
the extent of collaboration between these different
kinds of organizations.
While authors of both CSP and WMO studies
responded to the same template to design their re-
sponses, some differences in the way the studies were
collected, edited for publication, and categorized by the
different organizations complicated the combining of
datasets. For instance, the responses ranged in length
and quality across both collections, with the longest
piece nearly 9000 words long and the shortest closer
to 1000.
In addition, four climate services are included in both
collections. As the goal of our analysis is not to contrast
CSP andWMOdocuments but to use both collections to
learn about the practice of climate service design and
implementation, we analyzed these duplicates together,
using information from both texts to create a more
comprehensive view of the service in question. As a
result, eight CSP/WMO documents were consolidated
into four combined studies in our analysis.
Another complication stemmed from the fact that
three responses challenged our understanding of ‘‘cli-
mate services’’ as defined earlier in this article. These
were removed entirely from the study, though a more
thorough treatment of these cases appears in the dis-
cussion section.
Finally, four studies collected by the WMO provide a
general overview of the activities of a project of climate
service provider without delving into the details of a
particular service. These documents describe broad
concepts and goals but do not provide enough detail to
answer many of the questions we used in our analysis; as
such, these too-broad responses were included in over-
arching analyses but left off analyses that addressed
more specific questions. A full listing of the 101 climate
services included in the analysis is found in appendix C.
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b. Theoretical framing
Though the case study template followed a ‘‘what, how,
what next’’ format (see appendix A), our method of
analysis follows the climate service evaluation framework
proposed by Vaughan and Dessai (2014). Designed to
help guide future work on climate service evaluation, this
framework identifies four factors drawn from the litera-
ture on the use of seasonal and long-term climate in-
formation that influence the benefits and relative success
of climate services. These factors are described in the
original article and summarized in brief below.
1) PROBLEM IDENTIFICATION AND THE
DECISION-MAKING CONTEXT
The contexts in which climate services are provided
naturally condition their success. Indeed, in some cases the
strongest impediments to the adoption of climate in-
formation are contextual or institutional, rather than
technical. Conversely, certain situations create opportuni-
ties for climate services to be more impactful than others
(for more on this, see, e.g., Broad and Agrawala 2000;
Millner and Washington 2011). Our analysis of the re-
sponses explored questions including where and in what
sectors climate services are provided and whether or not
such services are designed with specific users in mind.
2) CHARACTERISTICS, TAILORING, AND
DISSEMINATION OF THE CLIMATE
INFORMATION
The success of a climate service depends on the
quality of the climate information that underpins it; it
also depends on the extent that information is appro-
priately tailored to meet users’ needs and the ability of
users to access information in a timely fashion (see, e.g.,
Furman et al. 2011; Harrison and Williams 2007). We
analyzed studies to identify the time scale of the climate
information provided, whether the services report in-
formation describing the ‘‘quality’’ of the information
(i.e., data quality control, forecast verification), and any
contextual information included in the service.
3) GOVERNANCE, PROCESS, AND STRUCTURE OF
THE SERVICE
Climate services require the development of struc-
tures that can facilitate interactions between dispersed
institutional and administrative mechanisms, projects,
and financial resources. In this context, the structure and
governance of a climate service are important de-
terminants of the effectiveness of the service itself (for
more on this, see Broad et al. 2002; Lemos et al. 2012).
Our analysis explored the scale on which services are
provided, the kinds of actors involved in service
provision, themechanisms by which the service connects
to users, and how the services are funded.
4) SOCIOECONOMIC VALUE OF THE SERVICE
Assessing the effectiveness of a climate service should
involve some assessment of its economic value and the
value it has to individuals or to society writ large. In-
deed, benefits from climate services may take many
forms andmay accrue to the individual, the collective, or
the natural environment (for more on this, please see
Clements et al. 2013). Though none of the documents in
the current study identify the economic impact of their
services, our analysis reports on those that discuss efforts
to evaluate the services in question.
Our analysis used this framework to develop a series of
questions (see Table 1) to guide our research regarding the
topics addressed by the template (see appendix A).
Studies were coded to facilitate the identification and
aggregation of information specific to each question.While
all documents responded to the same template, the fact
that they were self-reported means there was some varia-
tion in both the topics and the level of detail. In some cases,
information relevant to our research questions appeared at
different places in the document. In other cases, requested
information was not explicit in the material; in these cases,
we report howmany studies reported relevant information
before describing the responses themselves.
c. Caveats
While the CSP/WMO case study collection represents
the most comprehensive detailing of climate service
activities to date, it is important to remember that it is a
‘‘sample of opportunity’’ rather than one specifically
designed for the purposes of this analysis. This brings
with it several caveats, including the following:
We cannot assume that the breadth of the case study
collection reflects a representative sample; since we
have no way of knowing how many climate services
currently exist, we are not capable of stating whether
this sample is representative of that larger group.
We are not able to control for the role that selection
bias may play on the case study collection. CSP case
studies were collected primarily from CSP mem-
bers, while the WMO solicited studies from its own
network—including, but not limited to, its 191 member
states—which is likely to have affected the number of
case studies received from national meteorological or
hydrological services (see, for instance, the discussion on
African climate services in the results section).
We cannot independently verify information included
in the studies. Since nearly all documents were reported
by people involved in providing the service in question,
some may (or may not) exaggerate accomplishments or
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selectively omit challenges. All documents are likely to
highlight the topics the authors found most important,
perhaps sacrificing topics of interest to our analysis.
While these caveats are important to consider, they do
not impede our ability to draw meaningful insights from
the collection as a whole—which, while imperfect,
represents a sample of 101 climate service activities in
106 countries and involving 133 different organizations
and is the most comprehensive source of information on
climate services in the world to date.
3. Results
Our analysis of 101 studies engages specific questions
around the four factors that influence the relative suc-
cess of climate services.
a. Problem identification and decision-making
context
1) WHERE ARE CLIMATE SERVICES PROVIDED?
The regional foci of responses are included in Table 2.
While some regions are more represented than others, it
is important to note the role that sampling methods may
play in these numbers. For instance, the WMO solicited
responses from each of its member states, so while there
are 26 responses focused on Africa, this must be con-
sidered in light of the fact that 53 member states in Af-
rica were asked to submit an example of their work.
Conversely, 28 case studies were submitted from the
area that constitutes WMO Region II (Asia), which
comprises 35 member states. In some cases, in-
ternational organizations submitted studies that cover
more than one country or region; as a result, the sum of
the number of regions studied exceeds the total number
of studies themselves. Nine climate services are con-
sidered to be global in scope.
2) WHAT SECTORS DO CLIMATE SERVICES
ENGAGE?
As illustrated in Fig. 1, the most commonly engaged sec-
tors include agriculture (24), water (15), disasters (13), and
health (9). A description of the 24 studies that are classified
as pertaining to ‘‘capacity development’’ is included in the
discussion session. Roughly one-third of the case stud-
ies were assigned to more than one category—engaging,
TABLE 1. Factors and key questions address by the study.
Factors that define the success of climate services Key questions addressed by the studies
Problem identification, decision-making context Where are climate services provided?
What sectors do climate services engage?
What kinds of services are implemented where?
Do climate services engage specific users?
What user organizations do services engage?
Characteristics, tailoring, and dissemination of the climate
information
What is the time scale of information provided?
Do climate services measure/report the quality of
information?
Do climate services solicit user input on the design
of services?
How is information communicated to users?
Governance, process, and structure of the service On what scale is the service provided?
Who is involved in the service provision?
How do climate services connect to users?
How are climate services funded?
Socioeconomic value of the service What evaluation methods are used?
Do studies provide a metric of the economic impact of the
service in question?
TABLE 2. Regional focus of studies (n 5 101).
WMO region Number of studies Number of WMO member states Relative representation
Africa (I) 26 53 49%
Asia (II) 28 35 80%
South America (III) 8 12 67%
North America, Central America, Caribbean (IV) 11 20 55%
Southwest Pacific (V) 7 19 37%
Europe (VI) 20 49 41%
Global 9 - -
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for instance, water and capacity building, or agriculture and
ecosystems.
3) WHAT KINDS OF SERVICES ARE IMPLEMENTED
WHERE?
To get a sense of whether some sectors aremore actively
engaged in certain locations, we compared regions and
sectors, revealing that the services that engaged with ag-
riculture were more common in Africa and Asia than in
Australia, Europe, or North America. Water-related case
studies were most commonly drawn from Europe, in-
cluding, for instance, analyses of the impact of climate
change on the Nieman and Danube Rivers (International
Commission for the Protection of the Danube River 2012;
Korneev 2012). More details are found in Fig. 2.
We also looked to see if services were more likely to be
provided at certain scales in certain regions. The region in-
cluding North America shows more subnational services
than national services—perhaps reflecting services that cater
to regions within the relatively large countries of the United
States and Canada—while Europe has more national and
regional services and only one subnational service (Table 3).
4) DO CLIMATE SERVICES TARGET SPECIFIC
USERS?
To help explicate the extent to which existing climate
services were targeted to specific problems and/or how
these problems were understood, we analyzed the
number of responses that mentioned specific users. We
considered studies as targeted to users whether these
groups included specific organizations or broad groups
(e.g., ‘‘farmers,’’ ‘‘disaster risk managers’’). We found
that 50 of the 101 cases mentioned users in this way. Of
this group, 48 discussed involving users in the develop-
ment of the service in any capacity. Users include both
individuals (e.g., specific farmers, humanitarian workers,
disaster managers, extension agents) and organizations
(planning ministries, railway companies); seven case
studies also appeal to the general public (e.g., the Health
Heat Warning System).
When possible, we also considered the decisions that
the service was intended to inform. These vary con-
siderably but include those related to farm manage-
ment (e.g., planting, seed selection, harvest), disaster
risk reduction (including preparedness and pre-
vention), and transport (planning and infrastructure
investment). Cases that directly mention users are
roughly 5 times as likely to operate at subnational than
at global scales. Twelve cases report operating at more
than one scale.
5) WHAT KINDS OF USER ORGANIZATIONS DO
SERVICES TARGET?
The data allow us to describe the specific user orga-
nizationsmentioned in the studies, themajority of which
include government offices (36), humanitarian organi-
zations (17), private companies (14), and researchers
(10), among others. More information on user types is
found in Fig. 3.
b. Characteristics, tailoring, and communication of
climate information
1) WHAT IS THE TIME SCALE OF INFORMATION
PROVIDED?
For those studies that included this type of in-
formation (83/101), seasonal information was by far the
most prevalent, though weather and long-term in-
formationwas also used by nearly 30%of studies as well.
More details are found in Table 4.
FIG. 1. Thematic focus of studies: the number of services that engage specific themes.
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2) DO CLIMATE SERVICES MEASURE/REPORT
THE QUALITY OF THEIR INFORMATION?
While the quality of information was not explicitly
addressed by the case study template, we have attemp-
ted to characterize the extent to which case studies dis-
cussed the quality of information in two ways, finding
that 10 case studies in the collection mention the veri-
fication of their forecasts, while 22 mention the quality
control of data that goes into their analysis.
3) DO CLIMATE SERVICES SOLICIT USER INPUT TO
DESIGN THE SERVICES?
It was not possible to develop quantitative measures
of information tailoring; we did, however, count 48 case
studies that specifically discussed user engagement in
the development of the service, soliciting input through
workshops, consultation, or surveys.
4) HOW IS INFORMATION COMMUNICATED TO
POTENTIAL USERS?
For those that provided this information (66/101),
websites were far and away the most prominent mode of
information provision. More information is found in
Fig. 4.
c. Governance, process, and structure of the service
1) ON WHAT SCALE IS THE SERVICE PROVIDED?
As illustrated in Fig. 5, more services operate on na-
tional scales (39) than on regional (23) or subnational
(18) scales. Seven of the documents mention services
that provide information on a global scale.
2) WHO IS INVOLVED IN THE SERVICE PROVISION?
Based on an assumption that those motivated to
contribute documents to this endeavor were involved
in developing the service, we used the organizational
affiliation of the authors of the submitted documents as a
proxy for those organizations involved in the service
provision. For the most part, this includes research in-
stitutes (52 out of 132 named organizations) and mete-
orological agencies (34 out of 132). Universities (20/132)
and humanitarian organizations (11/132) also have a
sizeable presence in the list of organizations that con-
tributed to the collection.
3) HOW DO CLIMATE SERVICES CONNECT TO
USERS?
The connection between climate service users and
providers is described in an earlier section on problem
identification. Of course, this is also a governance issue,
as climate services must create a context for sustained
interaction between users and providers; as mentioned
above, only 50 of the 101 studies mention specific con-
nection with users. We are also able to characterize the
extent to which the studies describe the processes by
which providers stay in contact with users even after the
service has launched. For instance, 14 case studies sug-
gest they solicit ad hoc feedback from users, while an-
other 10 mention consultation workshops that help the
providers to understand how information is used.
FIG. 2. Regional vs thematic focus of studies: the number of services in each region that
engage certain themes.
TABLE 3. Scale of service by region (n 5 72).
WMO region Regional National Subnational
Africa (I) 9 11 3
Asia (II) 6 5 5
South America (III) 1 6 3
North America, Central
America, Caribbean (IV)
1 4 6
Southwest Pacific (V) 1 6 0
Europe (VI) 5 7 1
23 (23) 39 (39) 18 (18)
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4) HOW ARE CLIMATE SERVICES FUNDED?
The case study collection provides a general sense of
the funding models that currently support climate ser-
vices. For instance, of the 42 case studies that describe
the funding schemes that support the services in ques-
tion, 25 are funded by the national government receiving
the service; another 23 are donor funded on a project
basis. Only 11 of the services in question describe their
funding as ‘‘sustainable’’; eight are able to operate on
little or no funding, primarily by piecing together bud-
gets associated with existing activities that benefit from
climate services.
d. Socioeconomic value of the service
WHAT EVALUATION METHODS ARE USED?
The case study template specifically asked authors to
describe mechanisms for evaluation. Of the 37 that do
so, 10 describe forecast verification, a method of evalu-
ating the quality of the forecast itself; another 10 de-
scribe consultation workshops by which climate service
providers receive user feedback. Fourteen case studies
say the climate service providers receive this feedback in
an informal ad hoc fashion; another nine use surveys,
generally without much supporting detail. Two case
studies describe independent evaluators contracted to
assess the extent to which the service contributed to
project goals; several studies mention website statistics
as a valuable source of information regarding howmany
people are using the service.
No studies mention efforts to economically value
the climate service, though it seems likely that authors
would have reported information on this type of
evaluation were it available.
4. Discussion
Analysis of this unique dataset has allowed us to make
several observations about the state of climate service
implementation in 2012, including the extent to which
certain practices were common to services around
the world.
The dataset confirms, for instance, that climate ser-
vices were provided in all regions and in a range of dif-
ferent sectors—though relatively more services engaged
agriculture, water, disasters, and health than other sec-
tors (e.g., energy, transportation). Services based on
seasonal climate information were more common than
those based on other types of information. Nearly half
the climate services in question are targeted to govern-
ment offices, though services were also targeted to the
private (18%) and third sectors (22%) in roughly equal
numbers. The majority of climate services are provided
on websites.
FIG. 3. User organizations: the number of services targeted to organization types.
TABLE 4. Time scale of climate information (n 5 83).
Time scale Definition Number of studies
Seasonal 3–6 months 56
Weather 1 day to 2 weeks in the future 25
Long term Several decades to centuries in the future 23
Historical Past observations 10
Monitoring Current conditions 7
Decadal 1 year to several decades in the future 5
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The dataset also allows us to make several over-
arching observations about the state of the field—
identifying the faint outline of what could be called a
typical climate service (section 4a), while also revealing
the relatively inchoate nature of the field (section 4b).
Ways to improve this overview, and our analysis of it, are
also considered (section 4c). This includes topics that
were not included in the original studies but merit at-
tention in future such surveys
a. A ‘‘typical’’ service
Analysis of the 101 climate services revealed the very
wide diversity of services that are currently being pro-
vided. Through an analysis of the frequency with which
certain characteristics appear in the dataset, however,
we can develop an outline of what might be considered
‘‘typical.’’ In this scheme, a ‘‘typical’’ climate service was
provided by a research institute—frequently in con-
junction with national meteorological institute—and
operated on a national scale to provide seasonal climate
information (paired, perhaps, with weather forecasts
and/or long-term climate information) to agricultural
decision-makers online.
It is possible that our sample—and thus our charac-
terization of a typical climate service—was influenced
by the entities that requested the studies. For instance,
given the direct communication with the World Mete-
orological Organization, national-level climate service
providers may be somewhat overrepresented in our
study. On the other hand, the fact that much of the world’s
FIG. 4. Provision method: the number of services that employ particular provision methods.
FIG. 5. Geographic scale of service: the number of services that operate at particular
geographic scales.
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climate data are in the hands of national meteorological
agencies ensures these actors will be heavily involved in
the production, dissemination, and distribution of climate
services for years to come (Overpeck et al. 2011).
Other aspects of this characterization of a ‘‘typical
service’’ are consistent with the literature—including
the relative focus on seasonal forecasting. The field of
seasonal climate prediction is more advanced than that
of decadal or long-term forecasting (though not more
advanced than monitoring or observations) and there is
also a relatively extensive literature on the use of sea-
sonal forecasts for decision-making. In some cases, this
literature has been used as an analog to understand in-
formation uptake, indicating the extent to which
scholars and service providers have focused on the use
of information at this scale, particularly following the
1997/98 El Niño (Adger et al. 2003; Lemos 2003).
The focus on agriculture also seems borne out by other
types of information. Indeed, 63% of respondents to a
recent survey on research priorities for climate services
identified climate services for agriculture as most de-
veloped when compared to other sectors including water,
health, financial services, and disaster risk management
(Vaughan et al. 2016). It is likely this is due in part to the
directness of the connection between climate variability
and the impacts of humanwelfare:Whereas health-related
climate impacts are frequently moderated by disease vec-
tors (for instance, mosquitos), the impacts of climate on
agriculture track basic climatological factors, including
rainfall and temperature. This direct connection made it
easier for people to observe, understand, and respond to
climate fluctuations over centuries, leading to a more de-
veloped understanding of how climate information can
link to decision-making.
In this context, the relatively well-developed field of
agrometeorology also means that there is a trained cadre of
professionals and extension officers able to interpret and
employ climate information in agricultural decision-making
(Sivakumar et al. 2000).While hydrometeorologists perform
the same function in the water sector, there is no corollary
for health or disaster managers. These experts bolster the ca-
pacity of the sector to absorb and act on climate information.
Our perspective regarding a ‘‘typical’’ climate service
is based on a tabulation of the most common charac-
teristics across a number of different categories, which
serves as a convenient way to synthesize the very wide
range of combinations of different characteristics found
in the collection. Indeed, our analysis allows us to merge
this varied data in a way that establishes a signpost re-
garding the overall shape of the field of climate services,
as it existed in 2012, which can serve as a point of
comparison as the field evolves. Several examples of this
archetype are described below.
In Ethiopia, for instance, the National Meteorological
Agency uses the Enhancing National Climate Services
(ENACTS) initiative to integrate local observations and
global monitoring data, and provides information to
agricultural and other users through online map rooms
(Fig. 6) (Dinku and Sharoff 2012). Another example is
found in Chile’s Agroclimate Outlook (Fig. 7), a
monthly bulletin produced by the Dirreción Meteor-
ológica deChile (DMC) andmade freely available in the
organization’s website. It contains information about
the predicted seasonal climate conditions that are most
likely to prevail during the next three months (Quintana
et al. 2012). Both of these cases represent the model of a
‘‘typical’’ service as identified by this study.
b. An emerging field
While the studies in question more frequently target
agricultural than users in other sectors, our analysis
makes it clear that as of 2012, the field was still emerg-
ing—marked by contested definitions, an emphasis on
capacity development, uneven progress toward co-
production, uncertain funding streams, and a lack of
evaluation activities.
1) CONTESTED DEFINITIONS
One indication of the emergent nature of the field in
2012 is the fact that the World Meteorological Organi-
zation used a rather broad scope for incorporating studies
in their own collection, even to the point of including
several studies that do not meet most traditional defini-
tions of climate services. Indeed, two of these studies
describe new methods to collect information about the
climate system, rather than efforts to tailor that in-
formation to specific decisions. A third describes a low-
carbon-growth service that helps businesses understand
how they may reduce their greenhouse gas emissions.
The services in these studies are not just very different
from each other; they are also clearly at odds with the
WMO definition of climate services, expressed on the
website in this way: ‘‘Climate services provide climate in-
formation in a way that assists decision-making by in-
dividuals and organizations’’ (www.gfcs-climate.org). That
these services were included in the WMO case study col-
lection seems to reflect the contested nature of a term
whose meaning was still being debated; as the field has
developed, it seems unlikely such services would be in-
cluded if this kind of activity were conducted today.
It is curious as well to note the inclusion of 25 services
that are based, at least in part, on weather information.
As information at this time scale is not traditionally
considered to be part of a ‘‘climate’’ service, it may re-
flect the extent of the studies collected from operational
weather service providers who were engaged, more or
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less, in business-as-usual activities. Conversely, this
prevalence of services based on weather information
may reflect the beginning of an evolution toward
seamless services, providing information at time scales
from days to decades.
Though a number of organizations now offer official
definitions of the term ‘‘climate services’’ (e.g., Street
et al. 2015), it is likely that our general sense of what
counts as a climate service, and what does not, will re-
main fluid for some time (Hulme 2009).
2) EMPHASIS ON CAPACITY DEVELOPMENT
Another indication of the emerging nature of climate
services in 2012 is the relative emphasis on capacity
development within the dataset.
This focus squares well with the priorities of the
Global Framework for Climate Services, which explic-
itly includes capacity development as one of the ‘‘five
pillars’’ of the framework. As articulated in the Capacity
Development Annex to the GFCS Implementation
Plan, the GFCS specifically seeks to develop the human
resources needed to advance the other four pillars of the
framework, which include observations and monitoring;
research, modeling, and prediction; climate services in-
formation system; and the user interface platform
(World Meteorological Organization 2014). The GFCS
also strives to bolster the basic requirements (including
national policies/legislation, institutions, infrastructure,
and personnel) needed to enable GFCS-related activi-
ties to occur.
In this context, it is interesting to note that the 24 doc-
uments in this dataset that deal with capacity development
fall roughly into three categories, including those that seek
to build capacity by training individuals, mostly with re-
spect to the analysis or use of climate information; those
that make climate data and/or information available to
researchers and decision-makers; and those that seek to
build and/or strengthen the institutions that produce or use
FIG. 6. ENACTS map rooms for Ethiopia. A CSP case study describes the ENACTS information product for Ethiopia. Graphics show
maximum temperature for June 2006: (top left) Station data; (top right) interpolated station data. (bottom left) Topography included for
reference; (bottom right) Station data combined with 10-day period averages of MODIS LST and elevation. (adapted from Dinku and
Sharoff 2012).
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climate services. These do not necessarily map well to the
five pillars of theGFCS,meaning that someGFCS-priority
topics (e.g., observations andmonitoring, and someaspects
of the user interface platform) were not being addressed.
Reviewing the extent to which capacity building activities
have and continue to evolve since 2012 will help to gauge
the extent these efforts have fallen in line with GFCS
priorities.
3) UNEVEN PROGRESS TOWARD COPRODUCTION
As noted above, a growing literature has sprung up
around climate services, particularly involving the use of
seasonal forecasting. The literature seems to converge
around the need to engage users in the coproduction of
climate services in order to ensure that products are
useful, useable, and used (Lemos et al. 2012; McNie
2007; Roncoli et al. 2009; Ziervogel and Downing 2004).
While the importance of coproduction is certainly re-
flected in the collected documents, the interpretation of
this term is relatively irregular.
There are, for instance, several case studies that detail
extensive efforts to communicate with users regarding
climate information needs. One such case study de-
scribes the efforts of the Australian Bureau of Meteo-
rology to solicit and incorporate user feedback into the
presentation and dissemination of their seasonal cli-
mate outlook. This process—which included targeted
interviews, a survey, focus groups, and user testing—
provided the BoM with a better understanding of how
their users understand and employ seasonal climate in-
formation; it also afforded users the opportunity to ad-
vance their understanding of and confidence in the
seasonal climate outlook itself (Boulton et al. 2012).
While this example seems to reflect good practice as
reflected by the literature on user engagement (e.g.,
Lemos and Morehouse 2005; Steynor et al. 2016), more
than half the case studies in the collection did not
mention specific users, or the process by which those
users were incorporated into the development of the
service. This seems to reflect rather uneven progress
FIG. 7. Agroclimatic outlook in Chile. A GFCS case study describes the agroclimatic outlook for Chile. The
graphic shows a climate forecast for precipitation accumulation for October 2012, using ClimateMesoscale Model,
version 5 (Quintana et al. 2012)
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toward the coproduction of climate services, with some
services exemplifying the demand-driven principles and
many others retaining the ‘‘loading dock’’ approach
(Cash et al. 2006).
4) UNCERTAIN FUNDING STREAMS
Another observation can be made regarding the
funding streams on which climate services depend.
While the documents describe funding to support cli-
mate services as coming primarily from national gov-
ernments (25) and donor organizations (23), only 11 of
the case studies describe the funding that supports the
service as sustainable. Other services relied on project
funding and have sometimes had to scramble for funding
to support continued operations.
This was true of even relatively long-running services,
including the West African Regional Climate Outlook
Forum (PRESAO), which began in 1998 but had not yet
been institutionalized with funding from regional bud-
gets. The PRESAO case study in particular makes clear
that financial sustainability will rely heavily on the de-
velopment of documents that illustrate the economic
value of this sort of climate services and to policymakers
and donors (Kadi 2012). This was echoed by those who
saw sustainable funding as one of the main challenges to
the Regional Climate Outlook Forum process (Ogallo
et al. 2008).
5) DEARTH OF EVALUATION ACTIVITIES
No case studies explored the economic value of their
service or mention attempts to do so, reflecting logistical
and theoretical challenges to economic valuation that
have been discussed elsewhere (Clements et al. 2013;
Lazo et al. 2009; Anderson et al. 2015). Those studies
that have engaged in evaluation relied mostly on the ad
hoc feedback of users’ groups with whom they are in
regular contact and/or slightly more formal processes,
including surveys and user workshops. These processes
provide the climate service provider with a better un-
derstanding of the users’ needs and capability, in the
interest of coproduction, but do not advance the work of
assessing priorities or informing investment decisions;
this lack of evaluation represents a major gap in prac-
tice at the time the case studies were collected, which is
in some cases exacerbated by limited engagement
with users.
c. Improving upon our bird’s-eye view
We used the collected documents to provide a bird’s-
eye view of the state of the field of climate services in
2012. But while the analysis offers a reasonable snapshot
of climate services in 2012, it is important to note how
difficult it is to use these cases to identify ‘‘good prac-
tice’’ in the way that those who solicited the studies may
have liked. Indeed, because these studies are self-
reported, primarily from the point of view of the cli-
mate service provider, it is relatively hard to get a sense
of which services were more or less successful, or why;
authors were not incentivized to be forthcoming re-
garding challenges or failures and there is little objective
evaluation to refer to. Furthermore, it is difficult to use
the studies to understand the users’ experience of the
services, or the extent to which individual climate ser-
vices and/or climate services in general are able to im-
prove social and economic well-being.
This is unfortunate given that the documents were
dubbed ‘‘case studies’’ by the coordinating organiza-
tions—and case study research is uniquely suited to
addressing these kinds of detailed questions. Indeed, the
case study approach can be particularly useful in doc-
umenting specific practice and experiences; in identify-
ing causal links between interventions and outcomes;
and in enlightening situations in which an intervention
has no clear, or clearly defined, set of outcomes (Yin
2014). Case studies are also valuable in developing and
elaborating theory, which creates opportunities for the
sort of analytic generalization that could shed empirical
light on current hunches regarding what constitutes
good practice in climate services development and de-
livery (Ford et al. 2010).
That the 2012 collection does not lend itself to this
kind of analytic generalization calls attention to the
need to shift focus regarding the development of such
case studies moving forward. In setting priorities for
further efforts, two items that deserve particular atten-
tion include 1) a focus on analysis in addition to sam-
pling and 2) a focus on efforts to evaluate the relative
contribution of specific climate services. More on each
of these items are described below.
1) SAMPLING VERSUS ANALYSIS
A primary goal of the 2012 data collection activity was
to capture the breadth of climate services offered at the
time—that is, to provide a bird’s-eye view. Since the
effort coincided roughly with the launch of the Climate
Services Partnership and the implementation of the
Global Framework for Climate Services, this kind of
sampling activity was interesting to the sponsoring or-
ganizations, both of which were motivated to document
and learn about contemporary practice to support larger
efforts to advocate for climate service development
around the world.
Capturing the breadth of activity in this field is still a
worthy goal, of course, though it does not necessarily
have to be carried out through case studies. Indeed, the
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GFCS Compendium of Projects, which lists GFCS pro-
jects that meet certain basic criteria, makes a good start
in sampling current efforts. To the extent that it is able to
facilitate easy monitoring of key indicators (e.g., target
sector, time scale of information, provisionmethod, user
groups), this kind of sample could allow researchers,
practitioners, and the donor community to maintain a
general overview of the climate services community as it
evolves over time.1 Similar efforts are organized by the
European Joint Programming Initiative ‘‘Connecting
Climate Knowledge for Europe’’ (Monfray and Bley
2016) where the mapping of climate service providers
has been undertaken for a few European countries [e.g.,
Manez et al. (2014) for Germany and Goransson and
Rummukainen (2014) for the Netherlands and Sweden].
This sort of overview can also fuel the development of
hypotheses that can be investigated through the pro-
duction of case studies that are exploratory and/or ex-
planatory in nature—using such studies to develop and
hone hypotheses for further inquiry, and to explain the
causal links between specific interventions and the ulti-
mate outcomes. Building off existing work (Hellmuth
et al. 2011, 2007, 2009), this sort of effort would employ
multiple-case research methods that could advance the
identification and refinement of principles, improving
our understanding of the forces and factors that limit the
applicability of such principles in certain situations.
To this end, case study researchers will need to greatly
expand the range of topics they explore—moving be-
yond efforts to document climate services in specific
regions or sectors, to engage with thornier issues (e.g.,
ethics, institutional arrangements, sustainability). Case
study authors will also need to pay careful attention to
concerns of validity and reliability in order to avoid
common criticisms of case studies as anecdotes from
which it is impossible to generalize (Bennett and Elman
2006; Flyvbjerg 2006). Case study authors may also
make efforts to perform analyses that are similar with
regard to the questions explored and the methodologies
used by other authors. In this sense, the field will begin
to develop a host of case studies that can undergo
specific meta-analyses allowing us to learn more about
the implementation of climate services in different
contexts.
The development of a priority list of these hypotheses
and methodologies is something that climate services
coordinating bodies may like to take up. At the very
least, the current analysis suggests that topics regarding
capacity development, coproduction, funding, and evalu-
ation should be included.
2) CASE STUDIES AND CLIMATE SERVICE
EVALUATION
The case study collection highlights several challenges
related to evaluation. First, the fact that the case studies
were all self-reported makes it very difficult to use them
to impartially assess the services in question. At the
same time, the content of the case studies underscores
just how few climate services are engaged in any kind of
formal evaluation—relying, at best, on informal com-
munication with users to gather feedback on in-
formation needs as well as on current and planned
activities.
Of course, this reflects a challenge of resources as
evaluative activities require dedicated efforts. It is clear,
however, that the climate services community will need
to prioritize the development of formal monitoring and
evaluation protocols, and the involvement of in-
dependent evaluators.Without a strong push to improve
evaluation, the community will struggle to justify its own
efforts to improve service development and delivery; it
will be challenged as well in attracting and sustaining
funding from public- and private-sector actors in-
terested to get the most out of their investment.
This is especially true with regard to economic valu-
ation, which can describe the return on investment from
climate services in different contexts, and regarding the
extent of uptake and use of climate services. At the same
time, answering questions regarding good practice will
involve assessing the extent to which services are oper-
ating effectively along all aspects of the value chain.
Tying the evaluation of information use and/or eco-
nomic outcomes to long-term monitoring and evalua-
tion activities can help to illustrate the relative
contribution of certain practices. Indeed, while climate
service evaluators should avail themselves of the
full suite of evaluation methodologies, the role of
case studies in evaluation bears special mention in this
article. In contrast to survey or quasi-experimental
methods, case studies are able to capture the complex-
ity of services, and of the contexts in which they operate,
making them particularly well suited to identify strengths
and weaknesses, or to explain previously identified causal
links, in this emerging field (Rogers 2000). Case studies
1While the compendium is an important contribution, we must
also note that it currently falls short in describing both the breadth
and depth of climate services. Indeed, the compendium describes
just the scope, objectives, activities, benefits, and deliverables of
just 40 GFCS projects, with another 10 ‘‘contributing projects’’ not
funded through theGFCS included on the website. This results in a
partial picture of a small subset of activities. Bolstering this activity
(by including, e.g., information on quality control measures, modes
of communication, the scale of services provided, and the sus-
tainability of services) should be an important priority moving
forward.
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are also useful in providing initial feedback in cases in
which climate services take years to develop or in which
the impacts of information use are expected to develop
over long periods of time.
5. Summary and conclusions
This article analyzes a unique dataset comprising the
self-reported descriptions of 101 climate service activi-
ties, collected separately but in a coordinated fashion by
the Climate Services Partnership and the World Mete-
orological Organization, in 2012.
The dataset provides a bird’s-eye view of the emerg-
ing field of climate services as it was in 2012, confirming
that climate services were provided in all regions and
in a range of different sectors—and that services that
engaged agriculture, water, disasters, and health were
relatively more common than those that engaged other
sectors (e.g., energy, transportation). Services based on
seasonal climate information were found to be signifi-
cantly more common than those based on other types of
information, although a range of other time scales (his-
torical, monitoring, weather, decadal, long-term) were
also included in the study. While nearly half the climate
services in questionwere targeted to government offices,
services were also targeted to the private (18%) and
third sectors (22%) in relatively equal numbers.
The dataset reflects a diversity of climate services, but
it also allows for the identification of certain attributes
that were more common than others. For instance, the
most common type of service reported involved sea-
sonal climate information provided by national me-
teorological services, in conjunction with research
institutes, to agricultural actors over the Internet.
A large number of case studies also dealt with capacity
building, either through individual education, the de-
velopment of information portals, and the bolstering of
institutions involved in the production and or use of
climate services.
The prevalence of case studies focused on capacity
building illustrates the extent to which climate services
were still an emerging field in 2012; other factors that
seem to confirm this characterization include the fact
that several case studies did not match the definitions of
climate services provided by the World Meteorological
Organization, and the fact that many case studies did not
discuss specific users (Lourenço et al. 2016) but rather
focused on the supply-driven provision of climate in-
formation. In addition, very few climate services main-
tained sustainable funding streams; even fewer
evaluated their progress.
While a number of caveats limit the utility of the 2012
dataset, it remains the most comprehensive source of
information on climate services in the world to date and
is thus useful in providing a snapshot of the state of
the field at the time the GFCS was implemented. It
will be important to continue to survey the field of
climate services with respect to these factors in
order to develop a picture of how the field is changing—
particularly as new methods, new information, and new
investments change the way that climate services are
designed, developed, and delivered. Other topics, in-
cluding methods to diagnose climate information needs
and prioritize service development, should also be
monitored as the field develops.
Importantly, while the caveats mentioned above do
not impede our ability to draw meaningful conclusions
from the case study collection as a whole, they highlight
the challenge inherent to efforts to keep an account of
progress in this rapidly changing field. Efforts to sample
climate services, such as the GFCS Compendium of
Projects, will need to be expanded, and kept up to date,
if researchers are to be able track changes to the climate
service community as a whole and keep tabs on the
extent to which such services contribute to society’s ef-
forts to adapt to climate variability and change. Other
perspectives—including, for instance, Harjanne’s (2017)
analysis of the institutional logics of climate services
as derived from articles published in the World Meteo-
rological Organization Bulletin—can offer additional
perspective on the changing field.
It is important to note as well that while the current
dataset is useful in providing a historical overview of the
field in 2012, it is less useful in providing a sense of good
practice. To advance this discussion, case studies will
need to move past a simple accounting of practice to
explore and explain current strengths and weaknesses of
climate services from a more theoretical perspective. To
this end, case studies should develop hypotheses for
future inquiry and explain causal links between partic-
ular interventions and ultimate outcomes. Case studies
also have a key role to play in climate service evaluation,
complementing experimental and quasi-experimental
methods, and supplementing them in cases in which
such methods may be inappropriate or premature.
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APPENDIX A
Case Study Template: Global Framework for Climate
Services and Climate Services Partnership—Case
Study Solicitation, January 2012
a. Introduction
The Climate Services Partnership (CSP) was formed
at the first International Conference onClimate Services
(ICCS) to advance climate services around the world. In
doing so, the CSP supports the Global Framework for
Climate Services (GFCS), a formal international system
that facilitates the coordinated support of climate ser-
vices worldwide.
In an effort to advance common goals, the GFCS and
the CSP are soliciting case studies that document ex-
periences in the provision, development, and applica-
tion of climate services. Case studies should detail the
perspective of users of climate information as well as
that of providers of such information. They should
highlight successful strategies, detail challenges, and
share lessons learned.
Case studies will form an integral part of the GFCS
implementation plan. The plan, currently being drafted
by over 100 experts worldwide, will be presented before
an Extraordinary Congress of theWorldMeteorological
Organization (WMO) in October 2012; it will guide the
activities of the GFCS in the years ahead. Case studies
provided by WMO Members will be collected into a
single document and distributed at the October 2012
Extraordinary Congress as well.
The Climate Services Partnership will distribute case
studies through an online knowledge capture portal. In
making case studies available to the broader commu-
nity, the CSP hopes to offer perspective on approaches
that can be adopted or adapted by other interested
parties.
Though each case study will of course be unique, au-
thors should attempt to answer as many of the question
posed by the case study guidelines as possible. Ques-
tions, comments, or suggestions should be directed to
Filipe Lúcio
Global Framework for Climate Services
WMO
flucio@wmo.int
Catherine Vaughan
Climate Services Partnership
cvaughan@iri.columbia.edu
b. GFCS/CSP case study guidelines
Please describe your climate service activity in the
following terms.
1) WHAT?
(i) Briefly describe the service being provided. What
socioeconomic issue/problem does your project/
service address? What audience does it target?
(ii) Briefly describe the climate and contextual infor-
mation that is incorporated into service.
d What kinds of climate information are used?
What are the sources of this information (Na-
tional Meteorological Service/other)? How is
information accessed (including, for instance,
format, cost)?
d Is information regarding socioeconomic factors a
part of the service? If so, what is the source of this
information and how is it accessed?
d Is the information tailored to specific users? Who
is responsible for tailoring information (user/
provider/ joint team)?
d How is climate information used in decision-
making?
2) HOW?
(i) Processes and mechanisms
1) Stakeholder identification: Who are the stakeholders
involved in the process and howwere they identified?
Howdid the group decide to focus on this issue?Who
was involved in making this decision?
2) Stakeholder involvement: Please describe the full
chain or network associated with your activity and
any mechanisms to facilitate the dissemination of
information. Who do you give information or ad-
vice to? Who gives information or advice to you?
Describe the channels used to access climate in-
formation products and services.
3) Funding mechanisms: Briefly describe the pro-
gram’s business model. Is the program supported
by donor, government, or private-sector funding,
or by some combination thereof? Are their chal-
lenges to financial sustainability? Is it possible to
scale up this project? What investments have been
made in infrastructure?
4) Implementation: Does the service involve one or
more institutions? If more than one institution is
involved, what are their roles in themanagement of
the project? How are decisions made?
APRIL 2018 VAUGHAN ET AL . 387
5) Evaluation: Is there a process by which the project/
service is evaluated? Are there mechanisms to un-
derstand the value of the decisions informed by the
service? Are there processes for soliciting user
feedback and adjusting the service in response?
Are their concrete examples of this activity facili-
tating adaptation to climate change?
(ii) Capacities
1) Present: What human, infrastructural, institutional,
and procedural capacities were necessary to build
your service? Please describe the level of climate
expertise in user organizations and the extent to
which these organizations rely on external support
for interpretation of information.
2) Lacking:What capacities were lacking and howwere
they overcome (e.g., joint projects, interchange of
personnel)?
a. Describe a challenge you faced in matching in-
formation products or services available to needs.
b. Describe any innovations that were put in place
to meet needs.
3) WHAT NEXT?
(i) What are goals for the future of the project/
service?
(ii) Could your program be scaled up? Could les-
sons learned be transferred to other sectors
and/or locations? What did and did not work?
(iii) What are the main challenges moving forward?
4) PRINCIPLES OF THE GFCS
Authors are also encouraged to indicate which, if any,
of the principles of the Global Framework on Climate
Services (listed below) are reflected in their service and
how they have been included. More on the background,
history, and ongoing activities of theGFCS can be found
at www.wmo.int/gfcs.
Principle 1: All countries will benefit, but priority shall
go to building the capacity of climate-vulnerable
developing countries.
Principle 2: The primary goal of the framework will be
to ensure greater availability of, access to, and use
of climate services for all countries.
Principle 3: Framework activities will address three
geographic domains: global, regional, and national.
Principle 4: Operational climate services will be the
core element of the framework.
Principle 5: Climate information is primarily an in-
ternational public good provided by governments,
which will have a central role in its management
through the framework.
Principle 6: The framework will promote the free and
open exchange of climate-relevant observational
data while respecting national and international
data policies.
Principle 7: The role of the framework will be to
facilitate and strengthen, not to duplicate.
Principle 8: The framework will be built through
user-provider partnerships that include all
stakeholders.
APPENDIX B
Further Detail Regarding Case Study Collection
Process
The leadership of the GFCS and the CSP agreed to
engage in this case study activity in the last quarter of
2011, developing a shared template and sending the
template to their respective networks, in order to collect
the case studies separately.
The WMO reached out to all the national meteoro-
logical and hydrological services that make up its
membership, but also collected case studies from uni-
versities, private companies, and other public-sector
entities. The CSP—which had itself just launched at
the first International Conference on Climate Services
(October 2011)—reached out to its own smaller and
more informal network.
When made aware that the same person and/or or-
ganization had been contacted by both organizations,
the leadership of the GFCS and CSP coordinated re-
garding the overlap; in some cases, the leadership was
not aware of the overlap, resulting in several duplicates
between both collections.
There were several differences in the way that the
studies were edited for publication. For instance, the
CSP case studies are in general longer than the GFCS
ones, which reflects the fact that the GFCS documents
were collected into a hardcover publication, while the
CSP documents were published online. The structure of
the documents is also slightly different, as the CSP edi-
tors pressed authors to complete the entire template,
while GFCS editors accepted documents that followed
the template more loosely.
The WMO categorized its case studies as follows:
agriculture; water; health; disaster risk reduction; en-
ergy; ecosystems; transport and infrastructure; urban
issues; communities; and capacity development. The
CSP categorized its case studies as follows: agriculture;
decision support; disaster risk reduction; ecosystems;
education; energy; financial services; food security;
health; tourism; urban issues; and water.
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TABLE C1. Full list of studies included in the review.
Title First author Organization Collection
Climate Services and Agriculture in the
Caribbean
Adrian Trotman Caribbean Institute for Meteorology and
Hydrology
GFCS
Reducing Crop Loss through Climate
Field School—The Indonesia
Experience
A. E. Sakya Indonesian Agency for Meteorology, Climatol-
ogy, and Geophysics
GFCS
Provision of Climate Services in Tanzania Agnes Kijazi Tanzania Meteorological Agency GFCS
Climate ChangeAdaptation:When There
Is a Will, There Is a Rail Way!
Alexander Vetich International Union of Railways GFCS
When Worlds Collide: Urbanization,
Climate Change, and Disasters
Allen L. Clark Pacific Disaster Center, United States GFCS
New Zealand’s Climate Change and
Urban Impacts Toolbox
Andrew Tait National Institute of Water and Atmospheric
Research
GFCS
Engaging Users in the Production and
Delivery of Information in Africa
Anna Steynor University of Cape Town CSP
Climate Information for Disaster Man-
agement and Decision-Making: The
IRI–International Federation of the
Red Cross Crescent Societies (IFRC)
Partnership
Ashley Curtis International Research Institute for Climate and
Society
CSP
Extreme Precipitation Event: The
Weather Public Alert System of the
Chilean Weather Service
Benjamin Caceres Chilean Meteorological Department GFCS
Early Warning Systems for Food Security
in Eastern Africa: Linking the Food
Security Outlook with the Climate
Outlook Forum
Carlo Scaramella World Food Programme CSP
Building theCapacity of SmallholderRice
Farmers under a Changing Climate in
Nigeria
Catherine Nnamani Research Group for Climate Change Adaptation
in Nigeria
CSP
Building the Seasonal Streamflow Fore-
casting Service
Claire Hawksworth Australian Bureau of Meteorology GFCS
Climate Education for the Public Health
Sector
Cynthia Thomson International Research Institute for Climate and
Society; Mailman School of Public Health,
Columbia University
CSP
Communicating Climate Variability:
La Niña Drought Tracker
Daniel Ferguson University of Arizona CSP
The Climate Change Mitigation and
Adaptation International Training
Programme
Daniel Homestedt Swedish Meteorological and Hydrological
Institute
GFCS
Climate Services and Disaster Risk
Reduction in the Caribbean
David Farrell Caribbean Institute for Meteorology and
Hydrology
GFCS
Indigenous Stories and Climate Services David Griggs Monash Sustainability Institute; Yorta Yorta
Nation
GFCS
Low Carbon Growth Plan for Australia:
Providing Climate Services to
Businesses
David Griggs Climate Works Australia GFCS
User-Centered Design Approach to the
Seasonal Climate Outlook
Elizabeth Boulton Climate Information Services, AustralianBureau
of Meteorology
GFCS
Making Climate Science Useful: Cross-
Regional Learning from Kenya and
Senegal
Emma Visman King’s College London GFCS
Understanding Climatic Processes on
Earth: The Invaluable Contribution of
Satellites
European Space Agency European Space Agency GFCS
Devils Lake Decision Support System:
Using Climate Information to Manage
Flood Risk
Fiona Horsfall National Oceanic and Atmospheric
Administration
GFCS/CSP
Climate Services for Agricultural Pro-
duction in Guinea Bissau
Francisco Gomes National Institute of Meteorology, Guinea
Bissau
GFCS
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TABLE C1. (Continued)
Title First author Organization Collection
MOSAICC: An Interdisciplinary System
of Models to Evaluate the Impact of
Climate Change on Agriculture
Francois Delobel Food and Agricultural Organization GFCS
Data Sharing and Collaboration: Re-
gional and National Climate Outlook
Forums in South America
Gabriella della Croce International Center for Research on the El Niño
Phenomenon
CSP
Climate Information for Public Health:
Filling Knowledge Gaps and Building
Connections
Gilma Mantilla International Research Institute for Climate and
Society
CSP
Adaptation to Climate Change in the
Mountain Forest Ecosystems of
Armenia
Government of Republic
of Armenia
Government of the Republic of Armenia GFCS
Climate Information Applications in
Famine Early Warning and Decision-
Making Systems
Greg Husak Climate Hazards Group, University of Santa
Barbara
CSP
Applying Science to Society: The Climate
Service Center
Guy Brasseur Climate Service Center, Germany CSP
An Integrated Climate Service for the
River Basin and Coastal Management
of Germany: ClimateWater Navigation
(KLIWAS)
H. Moser Federal Institute of Hydrology, Germany GFCS
Climate Services in Hong Kong: Accom-
plished through Partnership and
Outreach
Hilda Lam Hong Kong Observatory GFCS
Climate Services Across Borders International Climate
Assessment & Dataset
Team
Royal Netherlands Meteorological Institute CSP
The Danube River Basin Climate Adap-
tation Strategy
ICPDR International Commission for the Protection of
the Danube River (ICPDR)
GFCS
Short-Term Weather Forecasting for Di-
saster Preparedness in Venezuela
Ingrid Garcia Center for Scientific Modeling CSP
The Use of Seasonal Climate Forecasts to
Inform Decision-Making and Manage-
ment in the Renewable Energy Sector
of Samoa
J. A. Smith Australian Bureau of Meteorology, Samoa Met
Service, Electric Power Company, AusAID
GFCS
Developing the Capacity of Central Asian
National Planning Agencies to Model
Climate Impact Scenarios and Develop
Adaptation Strategies
Jaako Nuottokari Finnish Meteorological Institute GFCS
Climate Change Impacts on Indonesian
Fisheries
Jason Lumban Goal Bogor University, Institute of Fisheries and Ma-
rine Affairs for Research and Development,
National Institute of Aeronautics and Space
GFCS
Building Resilience to Future Climate
Change in Ports: Terminal Maritimo
Muelles el Bosque in Colombia
Jean Cristophe Amado Acclimatise GFCS
ENACTS Ethiopia: Partnerships for Im-
proving Climate Data Availability,
Accessibility, and Utility
Jessica Sharoff Ethiopia Met Department; University of Read-
ing; University of East Anglia
CSP
R4 Rural Resilience Initiative in Ethiopia Jessica Sharoff International Research Institute for Climate and
Society
CSP
Multinational Efforts to Produce Re-
gional Climate Prediction for Informed
Decision-Making
Jin Ho Yoo Asia-Pacific Economic Cooperation Climate
Center
GFCS
The Use of a Seasonal Fire EarlyWarning
Tool for Managing Peat Fires in
Indonesia
Joyce Wong International Research Institute for Climate and
Society
CSP
Seasonal Climate Prediction in Chile: the
Agroclimate Outlook
Juan Quintana Chilean Meteorological Department GFCS
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TABLE C1. (Continued)
Title First author Organization Collection
Making Climate Change Information
Available Online
Juha Karhu Climate Service Center, Finnish Meteorological
Institute; Finnish Environmental Institute;
Aalto University
GFCS
Desert Locust Information Service Keith Cressman Food and Agricultural Organization CSP
IBTrACS: A Collaborative Effort to
Consolidate Tropical Cyclone Best
Track Data Worldwide
Kenneth Knapp World Data Center for Meteorology CSP
Climate Variability and Change: Percep-
tions, Experiences, and Realities
K. P. C. Rao International Crops Research Institute for Semi-
Arid Tropics
GFCS
Identifying Climate Impact on the In-
cidence of Meningitis Epidemics
Laurence Cibrelus World Health Organization CSP
Developing Climate Services: The Role
of the Energy Sector
Laurent Dubus EDF Energy GFCS
Development of Climate Services in
Sweden to Support Climate Change
Adaptation
Lena Lindstrom Swedish Meteorological and Hydrological
Institute
GFCS
Health Risk Management in a Changing
Climate: Using Climate Information to
Help Manage Malaria and Diarrheal
Disease in Tanzania
Lindsay Bouton Tanzania Red Cross Society CSP
Atmospheric Climate Information for
Urban Planning: Beijing Municipal
Climate Center
Linwei Liu Beijing Climate Center, China Meteorological
Administration
CSP
Strengthening Hydromet Services in
Mozambique
Louise Cronenberg World Bank GFCS/CSP
Delivering Advisory Services by Mobile
Phone
L .S. Rathore Indian Meteorological Department GFCS
Reaching Farming Communities in India
through the Farmer Awareness
Programmes
L. S. Rathore Indian Meteorological Department GFCS
Identifying Local Climate Impacts on
Weather and Water: Local Climate
Analysis Tool (LCAT)
Marina Timofeyeva National Oceanic and Atmospheric
Administration
GFCS
Insurance against Drought and De-
stabilization of Energy Costs in
Uruguay
Mario Bidegain National Meteorological Department, Uruguay GFCS
Seasonal toDecadal Climate Forecasts for
Renewable Energy: Connecting to
Users through the Advancing Renew-
able Energy with Climate Services
(ARECS) Initiative
Melanie Davis Catalan Institute for Climate Sciences CSP
Global Drought Monitoring Portal Michael Brewer National Oceanic and Atmospheric
Administration
GFCS/CSP
Enhancing Cooperation in Climate Ser-
vices through the Subregional Virtual
Climate Change Center
Milan Dacic Republic Hydrometeorological Service of Serbia GFCS
Forecasting for Disaster: Climate Help
Desk for Humanitarian Action and
Decision-Making in Africa
Mohammed Kadi African Centre of Meteorological Applications
for Development
CSP
Climate Information and Development:
Regional Climate Outlook Forums in
Africa
Mohammed Kadi African Centre of Meteorological Applications
for Development
CSP
Climate Information in Support of the
Health Sector: Madagascar
Nirivololona Raholijao MadagascarDirectorateGeneral ofMeteorology GFCS
Building a Scientific Basis for Climate
Change Adaptation—The Research
Program on Climate Change
Adaptation
Nobuo Mimura Ibaraki University, University of Tsukuba,
Waseda University, Remote Sensing Tech-
nology Center of Japan
GFCS
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Title First author Organization Collection
Climate Information Services for Herder
Families in Mongolia
National Weather and Hy-
drological Service,
Mongolia
National Weather and Hydrological Service,
Mongolia
GFCS
The Development of Climate Scenario
Fact Sheets for Engineers or In-
frastructure Relevant Climate
Indicators
Ouranos Ouranos CSP
Creating anAtlas of Climate Scenarios for
Forest Management in Quebec
Ouranos Ouranos CSP
Climate Local Information in the Medi-
terranean Region: Responding to
Users’ Needs
Paolo Ruti Italian National Agency for New Technologies,
Energy and Sustainable Economic Develop-
ment (ENEA); Energy, Environment and
Water Research Center; National Center
for Meteorological Research (France); In-
ternational Centre for Theoretical Physics;
Catalan Institute of Climate Sciences National
Observatory of Athens (NOA); Centro Euro-
Mediterraneo; TEC Services Consulting; Plan
Blue; Potsdam Institute for Climate Impact
Research; University of East Anglia; Groupe
de Recherche Variabilité du Climat et
l’Homme en Tunisie (GREVACHOT); Joint
Research Center; Meteorological and Hydro-
logical Service of Croatia;University Systemof
Maryland; University of California
CSP
Climate Outlooks for Food Security in
Central America
Patricia Ramirez Regional Committee for Hydraulic Resources,
Central America
GFCS/CSP
Mainstreaming Climate Information for
Agricultural Activities in Kenya
Peter Ambenje Kenya Meteorological Department GFCS
Seasonal Forecasting for Africa: Water,
Health Management, and Capacity
Building
Philipe Dandin Météo-France GFCS
Partnerships on Water Resources Man-
agement in France
Phillipe Dandin Météo-France GFCS
Drias, the Futures of Climate: A Service
for the Benefits of Adaptation
Phillipe Dandin Météo-France, Centre of Basic and Applied
Research Specialized in Modeling and Nu-
merical Simulation, National Centre for Sci-
entific Research (France)
GFCS
Data Rescue: A Necessary Look at
Climate
Phillipe Dandin Météo-France GFCS
Building Resilience to Climate-Related
Hazards
Pilot Program for Climate
Resilience
Ministry of Environment, Science, and Technol-
ogy’s Department of Hydrology and Meteo-
rology (Nepal); Civil Aviation Meteorology
Authority, Yemen Meteorological Service
(CAMA/YMS)
Climate Information Services for Food
and Agriculture
Ramaswamy Selvaraju Food and Agricultural Organization GFCS
Preparing for ENSO Events in the Pacific Rebecca McNaught International Federation of the Red Cross and
Red Crescent Societies
CSP
Teaching Journalists to Understand Cli-
mate Change
Reija Ruuhela Finnish Meteorological Institute CSP
North American Drought Monitor Richard Heim National Oceanic and Atmospheric
Administration
CSP
Supporting Decision-Making in the Sugar
Industry with Integrated Seasonal Cli-
mate Forecasting
Roger C. Stone University of Southern Queensland GFCS
Governing Drought Information Systems Roger Pulwarty National Oceanic and Atmospheric
Administration
GFCS
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APPENDIX C
Case Studies
A complete list of case studies included in the analysis
is shown in Table C1.
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